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PURPOSE. The purpose of this study was to evaluate the intra-rater reliability and inter-rater reliability of three 
different methods using a drawing protractor, a digital protractor after tracing, and a CAD system. MATERIALS 
AND METHODS. Twenty-four artificial abutments that had been prepared by dental students were used in this 
study. Three dental students measured the convergence angles by each method three times. Bland-Altman plots 
were applied to examine the overall reliability by comparing the traditional tracing method with a new method 
using the CAD system. Intraclass Correlation Coefficients (ICC) evaluated intra-rater reliability and inter-rater 
reliability. RESULTS. All three methods exhibited high intra-rater and inter-rater reliability (ICC>0.80, P<.05). 
Measurements with the CAD system showed the highest intra-rater reliability. In addition, it showed improved 
inter-rater reliability compared with the traditional tracing methods. CONCLUSION. Based on the results of this 
study, the CAD system may be an easy and reliable tool for measuring the abutment convergence angle. [J Adv 
Prosthodont 2014;6:185-93] 
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INTRODUCTION 

The retention of cast metal restorations has been an inter- 
esting research topic in the field of fixed prosthodontics 
for many years. The retention means resistant forces of dis- 
lodgment along the path of placement. 1 There have been 
many studies with regard to the preparation of abutments 
among reports of the retention of cast metal restorations. 



Corresponding author: 
In-Sung Yeo 

Department of Prosthodontics and Dental Research Institute, 
Seoul National University School of Dentistry 
1 01 Daehak-ro, Jongno-gu, Seoul, 1 1 0-749, Republic of Korea 
Tel. 82220722661: e-mail, pros53@snu.ac.kr 

Received October 1 7, 201 3 / Last Revision March 11, 2014/ Accepted 
March 14, 2014 

© 2014 The Korean Academy of Prosthodontics 

This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons. 
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original 
work is properly cited. 



a These two authors contributed equally to this work. 



pISSN 2005-7806, elSSN 2005-7814 



Among them, investigation of the occlusal convergence 
angle of the abutment has been the most active. 2 " 8 Some 
researchers have reported that a smaller convergence angle 
or degree of taper is associated with greater retention of a 
complete veneer crown. 2,3,9 ' 10 In previous studies, many 
researchers have suggested 2°-7° of taper or 4°-14° of con- 
vergence angle in order to obtain maximum retention. 2,8,11,12 
Studies on the occlusal convergence angle from data that 
was clinically obtained by dental practitioners or students 
have also been performed. When the abutment is prepared 
in the mouth, it is difficult to obtain the ideal convergence 
angle due accessibility, visibility, the intraoral environment, 
tooth shape, and practitioner's willingness. 13,14 In fact, it has 
been reported that abutment convergence angles prepared 
by dental students, residents, and specialists and found clin- 
ically acceptable were approximately 10°-24°, greater than 
the theoretical and ideal abutment convergence angle. 4,9,15 " 20 
As mentioned above, investigation of the abutment 
convergence angle has focused on two main topics. One 
was related to the optimal abutment convergence angle to 
obtain maximum retention, while the other evaluated the 
clinically prepared abutment angle. However, there have 
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been many methods used to measure abutment conver- 
gence angles, as a single method has yet to be standardized. 
The most commonly used was the tracing method using a 
protractor. 15 ' 16 ' 19 ' 2123 This method used magnified images or 
printed images of abutments, and two extension lines of 
oppositional axial walls were presented. Finally, the angle of 
the two lines is measured to calculate the abutment conver- 
gence angle. In recent years, some researchers have tried to 
measure the abutment convergence angle more precisely 
using a computer-aid design (CAD) system or a laser 
beam. 13 ' 24 ' 25 

There is no exact rule for measurement of the abut- 
ment convergence angle or determination of the location 
of the axial wall. The accuracy and reliability of the mea- 
sured values may vary depending on the observers or mea- 
suring methods. The traditional method of a tracing using a 
protractor is likely to show less accuracy and reliability since 
a person must read the convergence angle manually. The 
CAD system could be an easy and accurate way of measur- 
ing the abutment convergence angle. However, its reliability 
may be questionable despite its advantages, in that an 
observer must define the axial walls and set up the exten- 
sion lines. There have been no studies to evaluate the reli- 
ability between the traditional method using tracing and the 
digital method using a CAD system. This study, evaluating 
and comparing intra- and inter-rater reliabilities between 
the measuring methods, will be useful clinically in checking 
the clinician's own tooth preparation skill, and educationally 
in estimating the performances of the students or residents 
in prosthodontic abutment preparations. 

In this study, the authors sought to evaluate the reliabili- 
ty of two kinds of tracing methods (drawing protractor, 
digital protractor) and a measuring method using CAD 
software. The purpose of this study was to find out if 
CAD software was an easy and reliable measuring tool for 
abutment convergence angle based on this evaluation. 

MATERIALS AND METHODS 

Artificial right maxillary canines (Nissin Dental Product 
Inc., Kyoto, Japan) were prepared for metal-ceramic crowns 
by sophomore dental students at Seoul National University. 
The students performed the abutment preparation on an 
educational dental model (D85S-TRM.406, Nissin Dental 
Product Inc., Kyoto, Japan) mounted on a hands-on man- 
nequin (Shinhung Co., Ltd., Seoul, Korea). All of the stu- 
dents had acquired knowledge on the ideal form of the 
abutment through lectures of fixed prosthodontics. Both 
high-speed and low-speed handpieces were available, and a 
round-end tapered cylinder (102R, ISO 223 524 017; Shofu 
Inc., Kyoto, Japan) type bur with a 4° taper and a flat-end 
tapered cylinder (101L, ISO 173 524 018; Shofu Inc., 
Kyoto, Japan) type bur were used as tools. Twenty-four 
samples were selected for this study from the total 72 pre- 
pared artificial abutments. Abutments that had unclear mar- 
gins and/ or undercuts were excluded because they may lead 
to confusion when measuring the abutment convergence 



angle. After each abutment was positioned in the same den- 
tal model used for the preparation, mesio-distal and bucco- 
lingual planes of the abutment were photographed by a 
digital camera. The position of the dental model and digital 
camera was fixed in order to reduce errors during the mea- 
surement of the abutment convergence angle. In addition, 
all the samples were taken at one time. A ruler was used for 
scale in order to calculate the magnification of the printed 
images. 

A total of seventy-two images were constructed. Table 
1 represents three sets of sample IDs: Ml - M24 (set 1), 
M25 - M48 (set 2), and M49 - M72 (set 3). A sample was 
assigned randomly in the each set. Through this random 
assignment, raters who participated in this study were not 
aware that they measured each sample a total of three 
times. These prepared digital images were printed with a 
high-resolution color printer (CLP-310K; Samsung 
Electronics Co., Ltd., Seoul, Korea) after magnifying the 
interesting part of the abutments 17 times with graphics 
software (Adobe Photoshop CS6; Adobe systems Inc., San 
Jose, CA, USA) for the traditional tracing method. Digital 
images were converted to CAD images in order to obtain 



Table 1. The arrangement of the prepared samples 



Sample No. 


Set 1 


Set 2 


Set 3 


1 


M1 


M43 


M55 


2 


M2 


M37 


M54 


3 


M3 


M34 


M60 


4 


M4 


M30 


M64 


5 


M5 


M26 


M68 


6 


M6 


M28 


M58 


7 


M7 


M32 


M62 


8 


M8 


M36 


M66 


9 


M9 


M42 


M71 


10 


M10 


M46 


M72 


11 


M11 


M39 


M65 


12 


M12 


M25 


M50 


13 


M13 


M35 


M49 


14 


M14 


M44 


M52 


15 


M15 


M48 


M56 


16 


M16 


M40 


M63 


17 


M17 


M38 


M70 


18 


M18 


M31 


M69 


19 


M19 


M27 


M67 


20 


M20 


M29 


M59 


21 


M21 


M33 


M61 


22 


M22 


M47 


M57 


23 


M23 


M45 


M53 


24 


M24 


M41 


M51 
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Fig. 1. The images provided to the raters. (A) A printed 
image for measuring the mesio-distal convergence angle, 
and (B) A printed image for measuring the bucco-lingual 
convergence angle by tracing or CAD. 



measurements using the CAD system, so that raters would 
be able to manipulate their zooming arbitrarily. The images 
that were provided to the raters for the measurements by 
tracing or CAD are shown in Fig. 1 . 

Three graduate students who were seniors at Seoul 
University School of Dentistry were selected as raters for 
measuring the abutment convergence angle. All the stu- 
dents had sufficient knowledge of abutment convergence 
angles through lectures and practical experience. Each stu- 
dent measured one set of abutments each day for three 
days. 

Each rater measured the abutment convergence angle 
of the samples by three different methods three times as 
shown in Fig. 2. A drawing protractor and a digital protrac- 
tor (Digital Angle finder; Guilin GemRed Sensor 
Technology Co., Ltd., Guangxi, China) were used for the 
conventional tracing method. In the case of the CAD sys- 
tem, the three raters were taught the usage of the CAD 
software before measuring so that they were accustomed to 
using the CAD system. All the measurement values were 
valid to the first decimal place. 

It is required that the occlusal convergence angle be 
defined in order to evaluate inter-rater reliability. The occlu- 
sal convergence angle can be defined as the angle that is 
made between the two tangent lines of the opposite axial 
walls of the prepared abutment (Fig. 3). However, the mea- 
surement value can differ among raters in the case of an 
anterior tooth because the buccal surface of an anterior 
tooth should be prepared with 2 or 3 planes (Fig. 3). 
Therefore, it is necessary to define how to measure the 
occlusal convergence angle. Kaufman et al? reported that 
the gingival third of the abutment was the most important 
for the retention of a full veneer crown. In this study, the 
authors measured the occlusal convergence angle based on 
Kaufman's study; that is, the cervical third of the abutment 
was used to measure the angle (Fig. 2A). The end point of 
the cingulum was selected as a reference point for the lin- 
gual surface (Fig. 2A). 




ABC D 



Fig. 2. Schematic diagram of the measuring methods. 
(A) The occlusal convergence angle was measured based 
on the inclination of the cervical third (red circles). In 
case of the lingual surface, the end of the cingulum was 
determined as a reference point (blue circle). Three 
different methods were used to measure the occlusal 
convergence angles. After tracing the images following 
the magnification of the pictures, the abutment occlusal 
convergence angles were measured using a drawing 
protractor (B) and a digital protractor (C). (D) represents 
measuring by CAD on the monitor. 



In the many studies investigating occlusal convergence 
angle, researchers often caused confusion due to the 
expression of their terms. 23 There are two different ways to 
express the inclination of the abutment axial walls, taper 
and convergence angle. Sometimes researchers used both 
terms without any distinction. The taper of an abutment 
represents the angle between the long axis and one axial 
wall of an abutment, while the convergence angle repre- 
sents the angle between two opposite axial walls. 23 The term 
occlusal convergence angle that is used in this study repre- 
sents the convergence angle. 

Each rater measured the occlusal convergence angles of 
24 abutments three times with three different methods to 
evaluate the intra-rater and inter-rater reliabilities. After the 
first set of samples had been measured using a drawing 
protractor, digital protractor, and CAD, the second and 
third sets were measured by the same manner after 24 and 
48 hours. Measuring tools including a drawing protractor 
and digital protractor were provided to the three raters. The 
axial wall of the cervical third of the abutment was traced 
and the tangential lines were extended in order to measure 
the convergence angle using a drawing protractor and a dig- 
ital protractor (Fig. 2A). When measuring with a CAD, it 
was unnecessary to extend the tangent lines of the axial 
walls to read the angle. The occlusal convergence angle 
could be easily measured through a virtual convergence of 
the two tangent lines (Fig. 4). Once two tangent lines to the 
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A B 

Fig. 3. The definition of the abutment occlusal 
convergence angle in this study. The occlusal 
convergence angle is usually selected as shown in (A). 
However, the angle was defined in this study as in (B), 
based on the inclination of the cervical third. 
Comparison between (A) and (B) shows that the occlusal 
convergence angles are different from each other, 
depending on the selected portion of the prepared wall, 
a: abutment occlusal convergence angle. 




Fig. 4. The measurement of the abutment occlusal 
convergence angle by CAD. The two tangent lines (red 
solid lines) are mesio-distally established to the cervical 
third of the abutment. The software virtually extends the 
tangent lines to converge (white dashed lines) and 
calculates the angle between the tangent lines. Therefore, 
additional space, which the tracing method requires, is 
unnecessary. 



cervical third of the abutment were established, the angle 
between the tangent lines, that is, the convergence angle 
was automatically calculated on the software. 

A Bland- Altman plot was created to examine the overall 
reliability by comparing digital protractor, CAD, and tradi- 
tional tracing methods. The overall reliability of the tradi- 
tional method and newly introduced methods were evaluat- 
ed by plotting. The differences (y-axis) between the mea- 
sured value of the traditional tracing method (drawing pro- 
tractor) and the value by digital Protractor or CAD were 
plotted as an individual point depending on the value 
(x-axis) by the traditional tracing method. The average and 
± 2s (s; standard deviation) of the values from the digital 
protractor or CAD was shown in each graph. The 
Intraclass Correlation Coefficient (ICC) was calculated to 
analyze the intra-rater and inter-rater reliability of each 
method. A two-way mixed model was used, and a 95% con- 
fidence interval was applied. The paired t-test was carried 
out to determine whether there were statistically significant 
differences between the bucco-lingual and mesio-distal sur- 
faces of the abutments prepared by the students. All the 
statistical calculations were analyzed based on the 95% con- 
fidence interval set by the R software (R Foundation for 
Statistical Computing, Vienna, Austria). 



RESULTS 

A Bland-Altman plot was applied to evaluate the overall 
reliabilities among the different measuring methods (draw- 
ing protractor, digital protractor, and CAD). All the values 
collected by each rater using each method (in triplicate) 
were used, and Fig. 5 shows the resulting plots. The tracing 
method using a drawing protractor was designated as the 
control. The overall reliabilities of the two other methods, 
digital protractor and CAD, could be examined in the 
mesio-distal and bucco-lingual directions. Most of values 
created by these two methods were within the range of + 
2s which is within the limit of agreement as shown in Fig. 
5. Measuring the abutment convergence angle by CAD was 
evaluated to be reliable under the assumption that the tradi- 
tional tracing method was reliable. The measured values 
from both the CAD software and digital protractor tended 
to be higher than those from the drawing protractor in the 
mesio-distal direction (Fig. 5B and Fig. 5D). In the bucco- 
lingual direction, however, the values collected by CAD 
tended to be lower, and those by digital protractor to be 
higher, compared to the traditional tracing method (Fig. 5A 
and Fig. 5C). 

The Intraclass Correlation Coefficient (ICC) was uti- 
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Fig. 5. Bland-Altman plots. (A) The distribution of the bucco-lingual convergence angle differences between the 
measurements by CAD and drawing protractor, (B) The distribution of the mesio-distal convergence angle differences 
between the measurements by CAD and drawing protractor, (C) The distribution of the bucco-lingual convergence angle 
differences between the measurements by digital protractor and drawing protractor, and (D) The distribution of the 
mesio-distal convergence angle differences between the measurements by digital protractor and drawing protractor are 
shown. The solid lines represent the mean values of the differences between the two methods. The dashed lines are ±2s 
of the measured value differences between two methods, s; standard deviation. 



lized to evaluate the intra-rater reliabilities of the abutment 
convergence angles measured by three raters using three 
methods (drawing protractor, digital protractor, and CAD), 
in triplicate. Table 2 and Table 3 show the intra-rater reli- 
abilities according to the different methods. When the abut- 
ment convergence angles were measured by a drawing pro- 
tractor in the mesio-distal direction, the ICC of rater 1 was 



calculated as 0.947 (95% of confidence interval: 0.899 < 
ICC < 0.975). Rater 2 had an ICC of 0.818 (95% of confi- 
dence interval: 0.681 < ICC < 0.909), and Rater 3's was 
0.937 (95% of confidence interval: 0.882 < ICC < 0.970). 
In the case of a digital protractor, ICCs were 0.954 (95% of 
confidence interval: 0.912 < ICC < 0.978) for rater 1, 0.868 
(95% of confidence interval: 0.762 < ICC < 0.936) for rat- 
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Table 2. Intra-rater reliability according to the measurement method (mesio-distal convergence angle, n = 24) 





Measuring method 


ICC 


95%-confidence interval 


P value 


Rater 1 




0.947 


0.899 < ICC < 0.975 


.000 


Rater 2 


Drawing protractor 


0.818 


0.681 < ICC < 0.909 


.000 


Rater 3 




0.937 


0.882 < ICC < 0.970 


.000 


Rater 1 




0.954 


0.912 < ICC < 0.978 


.000 


Rater 2 


Digital protractor 


0.868 


0.762 < ICC < 0.936 


.000 


Rater 3 




0.916 


0.844 < ICC < 0.960 


.000 


Rater 1 




0.945 


0.897 < ICC < 0.974 


.000 


Rater 2 


CAD 


0.960 


0.924 < ICC < 0.981 


.000 


Rater 3 




0.947 


0.900 < ICC < 0.975 


.000 



Table 3. Intra-rater reliability according to the measurement method (bucco-lingual convergence angle, n = 24) 





Measuring method 


ICC 


95%-confidence interval 


P value 


Rater 1 




0.941 


0.889 < ICC < 0.972 


.000 


Rater 2 


Drawing protractor 


0.874 


0.772 < ICC < 0.948 


.000 


Rater 3 




0.948 


0.902 < ICC < 0.975 


.000 


Rater 1 




0.969 


0.94 < ICC < 0.985 


.000 


Rater 2 


Digital protractor 


0.857 


0.744 < ICC < 0.930 


.000 


Rater 3 




0.953 


0.911 < ICC < 0.978 


.000 


Rater 1 




0.966 


0.935 < ICC < 0.984 


.000 


Rater 2 


CAD 


0.970 


0.942 < ICC < 0.986 


.000 


Rater 3 




0.940 


0.886 < ICC < 0.971 


.000 



er 2, and 0.916 (95% of confidence interval: 0.844 < ICC < 
0.960) rater 3. When the measurements were repeated using 
CAD, the ICCs were 0.945 (95% of confidence interval: 
0.897 < ICC < 0.974) for rater 1, 0.960 (95% of confidence 
interval: 0.924 < ICC < 0.981) for rater 2, and 0.947 (95% 
of confidence interval: 0.900 < ICC < 0.975) for rater 3. 
The same statistical analysis was applied for bucco-lingual 
convergence angles (Table 3). When the raters measured 
the occlusal convergence angles using a drawing protractor, 
the ICCs were 0.941 for rater 1, 0.874 for rater 2, and 0.948 
for rater 3. In case of the digital protractor, the ICCs were 
0.969 for rater 1, 0.857 for rater 2, and 0.953 for rater 3. 
Finally, the ICCs calculated from the use of CAD were 
0.966, 0.970, and 0.940 for rater 1, 2, and 3, respectively. 
The P values of all ICCs were less than 0.05 and, thus, 
showed statistical significance. 

ICCs were also used to determine which method exhib- 
ited the most superior inter-rater reliability when the mea- 
surements were repeated. Fig. 6 shows the inter-rater reli- 
abilities according to the different measuring methods. 
When the raters measured the occlusal convergence angle 
using a drawing protractor in the mesio-distal direction, the 



ICC value, which means inter-rater reliability, was 0.889 
(95% of confidence interval: 0.841 < ICC < 0.925). In 
addition, the ICC showed 0.873 (95% of confidence inter- 
val: 0.819 < ICC < 0.914) for the digital protractor and 
0.908 (95% of confidence interval: 0.868 < ICC < 0.938) 
for the CAD system. In case of the bucco-lingual direction, 
the ICCs showed 0.878 (95% of confidence interval: 0.826 
< ICC < 0.917) for the drawing protractor, 0.874 (95% of 
confidence interval: 0.822 < ICC < 0.915) for the digital 
protractor, and 0.931 (95% of confidence interval: 0.901 < 
ICC < 0.954) for the CAD system. The P values (P) of all 
the ICCs was less than 0.001 and were statistically significant. 

The paired t-test was applied to evaluate whether the 
average values of the occlusal convergence angles measured 
in triplicate by three raters were different in the mesio-distal 
and bucco-lingual directions. The means and standard devi- 
ations were 15.3 ± 6.4 for the mesio-distal direction and 
20.3 ± 6.8 for the bucco-lingual direction in case of the 
drawing protractor. When measured by the digital protrac- 
tor, values were 15.7 ± 6.5 for the mesio-distal direction 
and 20.8 ± 6.8 for the bucco-lingual direction. For the 
CAD, the values were 15.6 + 6.6 for the mesio-distal direc- 
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Fig. 6. Inter-rater reliabilities of the convergence angles measured at mesio-distal direction (A), and at bucco-lingual 
direction (B), according to the measuring methods (n = 72). The black rods show 95% of confidence intervals. All ICCs 
are over 0.80, which means perfect agreement. Especially notice that the ICCs calculated for the CAD group are over 
0.90 both at mesio-distal and at bucco-lingual directions. 



30.0 



25.0 



20.0 



15.0 




Distal Lingual 

Drawing Protractor Digital Protractor 



Fig. 7. The paired t-test results for the convergence 
angles measured between mesio-distal ly and bucco- 
lingually. Means and standard deviation (SD) of the 
abutment convergence angles are shown according to the 
measuring methods. Data are expressed as the mean ± 
SD (n = 216). * P<.05. 



tion and 19.9 ± 7.3 for the bucco-lingual direction. The 
occlusal convergence angles in the mesio-distal direction 
were significantly smaller than those in the bucco-lingual 
direction (Fig. 7). 

DISCUSSION 

The Bland- Altman plot and ICC were applied to evaluate 
reliability in this study. The Bland-Altman plot is a good 
method for evaluating overall reliability, and ICC is an 



established statistical method for evaluating intra-rater and 
inter-rater reliability. 26 " 28 In general, the correlation coeffi- 
cient can be classified as a slight agreement is under 0.20, a 
fair agreement being from 0.20 to 0.40, a moderate agree- 
ment from 0.40 to 0.60, a substantial agreement from 0.60 
to 0.80, and a perfect agreement from 0.80 to 1.00. 29 

The Bland-Altman plot was applied to analyze the reli- 
abilities of the measurement methods involving the tradi- 
tional tracing method using a drawing protractor, a digital 
protractor, and CAD. In the measurement of the abutment 
convergence angle in the mesio-distal direction, the mea- 
sured values by the digital protractor and CAD tended to 
be a little higher than the values obtained by the traditional 
method. It was observed that the values measured by the 
digital protractor in the bucco-lingual direction were slightly 
higher compared to the traditional method, while the values 
measured by CAD were less than those measured by the 
traditional method. Most of the measured values were dis- 
tributed within the mean difference ± 2s, the limit of 
agreement, in both cases of the digital method and CAD. 
Therefore, it was concluded that both of the tracing meth- 
ods using a digital protractor and CAD were reliable meth- 
ods for measuring the abutment convergence angle with the 
assumption that the tracing method with a drawing protrac- 
tor was a reliable method. 

ICCs were calculated using the values that the three rat- 
ers measured in triplicate with each of three different meth- 
ods. The ranges of all the ICCs were from 0.818 to 0.97, 
indicating that all three methods exhibited perfect agree- 
ment. However, the ICC value differences between rater 2 
and the other raters using both the tracing methods were 
larger than those using the CAD method. It is thought that 
measuring with CAD may not be as dependent on the rat- 
ers' measurement skill as the other methods. When raters 
measure the abutment convergence angles by the two trac- 
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ing methods, they should analyze the convergence angles 
formed by the two extension lines of the axial walls of an 
abutment using a drawing protractor or digital protractor. 
Therefore, the ability to draw consistent lines and measure 
angles based on the criteria, which usually require more 
space for the extended lines, could influence the reliability. 
However, in case of the CAD system, raters could calculate 
the convergence angles between two lines without manual 
convergence through the software after the images were 
magnified to the desired level, which was easy and required 
no additional space for the measurement. The reliability of 
the measurement could be less influenced by errors, such as 
those made while drawing extension lines and reading 
angles. This may be why the reliability of measurements 
made by the CAD system was higher than those obtained 
through the tracing methods (drawing protractor and digital 
protractor). 

The inter-rater reliability of each method was also eval- 
uated. All three methods exhibited ICC values over 0.80 
(0.873-0.931) which represent perfect agreement. In both 
directions (mesio-distal and bucco-lingual), the CAD sys- 
tem demonstrated the highest ICC value (0.908 and 0.931). 
Less dependence on the measuring skill of each rater may 
affect this highest inter-rater reliability of the CAD system 
as mentioned above. 

The paired t-test was used to compare the average val- 
ues of the convergence angles of abutments that twenty- 
four students prepared in the upper right quadrant with the 
right maxillary artificial canine in the mesio-distal and buc- 
co-lingual directions. The mean of the bucco-lingual con- 
vergence angles showed higher values compared to the 
mean of mesio-distal convergence angles no matter what 
measurement method was used. Students prepared artificial 
teeth in a dental model mounted in a hands-on mannequin 
which simulated the real oral environment after receiving 
education in fixed prosthodontics. Many researchers have 
reported that the bucco-lingual convergence angle of the 
abutment is higher than the mesio-distal convergence 
angle. 7 ' 13 ' 15 ' 19 ' 25 On the contrary, Kent et alP reported that 
the mesio-distal convergence angle was higher than the 
bucco-lingual convergence angle in their study. The experi- 
ence of clinicians, the oral environment, the kind of pre- 
pared tooth, and the effort of a clinician were reported to 
have an effect on the occlusal convergence angle of an 
abutment. 3,14 The higher bucco-lingual convergence angle in 
this study may be explained based on the aforementioned 
studies. When preparing the right maxillary canine, the 
access of the handpiece to the bucco-lingual surface is 
more difficult than the mesio-distal surface due to the sur- 
rounding tissues. Less visibility, the anatomically short cin- 
gulum on the lingual surface of the canine, and larger buc- 
co-lingual inclination than the mesio-distal inclination of 
the canine are also considered to have an influence on the 
operators. 



CONCLUSION 

From the results of this study, the CAD system was just as 
reliable for gauging the occlusal convergence angles of pre- 
pared teeth as the other methods based on tracing. All three 
investigated methods exhibited excellent intra-rater and 
inter-rater reliability. The measured values were more simi- 
lar between the raters when the CAD system was used, 
compared to those measured using tracing and protractors. 
The application of CAD is an easy and reliable method for 
measuring the abutment convergence angle. Additionally, 
the authors confirmed that dental students tended to pre- 
pare the mesial and distal walls of a tooth more parallel 
than the buccal and lingual walls. 
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